Wire bonding is a key technique for electrical interconnections between integrated circuit (IC) and the metal frame or printed circuit board (PCB). One of the most common wire bonding system is bonding of the Au wire to Al metallization, however, Cu wire is being considered as replacement for Au wire due to surge of Au price. This research focuses on the formation and growth behavior of Cu/Al intermetallic compounds (IMCs). In order to investigate IMC growth after 30, 60 and 120 min of aging at 270, 300 and 330°C, cross-section of Al, Cu and Cu/Al IMCs were examined by scanning electron microscopy (SEM). The results showed that the consumption of the Al layer is more rapid than that of Cu layer, and that after 120 min at 330°C the Al layer is entirely consumed. The formation of three distinct Cu/Al IMC layers was observed. Scanning transmission electron microscopy (STEM)/energy-dispersive X-ray spectroscopy (EDS) was used to identify the three IMC layers formed at the interface. In addition, the IMC compositions were identified by selected-area diffraction pattern (SAD). These were CuAl, Cu 3 Al 2 and Cu 9 Al 4 . Also, the activation energies of Cu/Al IMC growth were obtained from an Arrhenius plot.
Introduction
Wire bonding is a common technology in microelectronic packaging, which forms interconnects between the integrated circuit (IC) and the metal lead frame or printed circuit board (PCB) in an IC package. It is a more costeffective and flexible interconnect technology than flipchip interconnects.
[1] For decades, gold (Au) has been used for wire bonding in electronic packaging because of its high reliability, desirable mechanical and electrical properties, and ease of assembly. However, the price of Au is increasing and copper (Cu) has been investigated as the most suitable alternative because of its lower cost, slower intermetallic growth on aluminum (Al) pads, and higher thermal conductivity. [1] [2] [3] [4] The growth rate of Cu/Al IMCs are around 10% of that for Au/Al IMCs during annealing from 150°C to 300°C. This is attributed to two reasons; one is the larger size of Cu atoms (atomic radii 0.128 nm) which show a larger misfit with Al (0.143 nm), comparing with Au atoms (0.144 nm) and the other is lower electronegativity of Cu than Au. [5] Since, the excessive growth of IMC layers can result in a large brittleness, the slower growth rate of Cu/Al IMCs between Cu wire and Al metallization can potentially provide a prolonged lifetime compared with Au-Al bonds. [3] The overall reliability of Cu wire bonding is highly dependent on the metallurgical bond between the wire and pad/substrate since excessive IMC growth may result in reduced reliability. [6] Since the extent of interdiffusion between Cu wire and Al pad at the bonding interface during bonding at room temperature has found to be negligible, this study focuses on the Cu/Al IMC growth at elevated temperatures. [6] The Cu-Al binary phase diagram [7] suggests that the pos- CuAl while the initial layers were Cu and AlSiCu. [11] Therefore, the understanding of the sequence of IMC phase transformations at the Cu/Al bonds remains incomplete. In the present study the formation, growth behavior, and growth kinetics of Cu/Al IMCs was investigated, including the effects of aging temperature and time on the morphology of IMCs. Since the thickness of Cu/Al IMCs from thermal aging in the temperature range 270-330°C is at the sub-micron level, the identification of IMC composition is difficult using scanning electron microscopy (SEM). Therefore, scanning transmission electron microscopy (STEM)/energy-dispersive X-ray spectroscopy (EDS) was employed. Finally, the intermetallic compounds were identified by selected-area electron diffraction (SAD).
Experiments
Cu/Al coated sample were prepared. Figure 4 shows the STEM image. The atomic ratio results by STEM are given in Table 2 . These results suggest that IMC compositions are: Fig. 1 The Al-Cu binary phase diagram. [7] In order to study the growth behavior of the three IMC layers, in addition to the isothermal aging at 270°C for 30, In order to investigate the layer growth coefficient and the activation energy of the IMC layers, the average thicknesses of the IMCs were measured and are summarized in Table 3 . Since IMC II had not formed uniformly after aging at 270°C for 30 min, its thickness could not be measured.
Results and Discussion
The thickness of IMC layers is a function of time and temperature. Figure 8 shows the IMC thickness versus square Inserting the values which have been retrieved from the Table 4 . The value of the activation energy for the IMC layers can be given by the Arrhe-
where D 0 is the prefactor, Q is the activation energy for IMC growth (kJ/mol), R is the molar gas constant and T is the absolute temperature. By inserting the layer growth coefficient values for each IMC layer from Table 4 into equation (2), the Arrhenius plot is obtained and shown in Fig. 9 . The activation energy for IMC growth, Q, can be calculated as the slope of curve InD versus 1/T. The resulting activation energies for each IMC layer are listed in Table 5 .
With reference to tively. These are close to, but still different from, the values represented here. This might be due to differences in experimental conditions. For instance, the temperature range in this study, 270-330°C, is different from that used for other studies. Also, the Al and Cu layers in this study are thin films while other studies were using thicker layers.
Conclusions
This research focused on the formation and growth 
